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ON COMPOUND LOCOMOTIVE ENGINES. 
BY XR. FRANCIS W. WEBB, OF CREWB, VICE-PRESIDENT. 
The object of the present paper is to show what advantages may 
be obtained by Compounding the Locomotive Engine, and how this 
may be practically carried out without materially adding to the 
weight or complicating the working parts, The subject is not ~a 
new one, as it has been dealt with in this Institution (Proceedings 
1879, page 328) by M. Mallet, with regard to the Bayonne and 
Biarritz Railway. He succeeded in obtaining an economical engine, 
but in a form not likely to be a steady one at high speeds; great 
credit however is due to him for the attention he has given to the 
subject. 
About five years ago the author converted an old outside-cylinder 
engine with 15-in. cylinders into a compound, on the plan adopteil 
by M. Mallet, by lining up one of the cylinders and reducing it to  
9 in. diameter. This engine has until the last three months been 
working light passenger trains on the Ashby and Nuneaton branch of 
the London and North Western Railway ; and the elements of success 
seen in its working led to the construction of the compound 
locomoiive ‘‘ Experiment,” which was what its name implies. 
The two main objects the author had in view when designing 
the ‘‘ Experiment ” were-firstly to attain to grsater economy in 
consumption of fuel ; and secondly to do away with coupling-rods, 
while at the same time obtaining a greater weight for adhesion than 
would be possible on only one pair of driving wheels without rapi& 
destruction of the road. The driving wheels being no longer coupled, 
there is less grinding action in passing round curves, and it ia 
not even necessary that one pair should be of the same diameter a s  
the other. 
The engine “Experiment” was constructed at the Crewe 
locomotive works in the latter part of 18S1, and has now been 
at  work over twelve months and rm nearly 100,000 miles, chiefly 
with the Scotch and Irish limited mails. While on this Fork it 
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made a daily run of 319 miles ; and this being a longer mileage than 
the engines are accustomed to run in the time, two drivers and 
firemen were appointed to work the cngine, one from Crewe to 
London and back one day, and the other the day following, in order 
thoroughly to test the engine in every way before building any more 
of a similar class. The engine has throughout proved itself to be 
very steady when running, which is no doubt due to the arrangement 
of the cylinders ; the engine being practically balanced, and having 
no coupling-rods, is enabled to run at very high speeds. 
The principle having been proved correct, it was thought 
advisable, owing to the increasing weight and the high speeds of 
passenger trains, that in designing the new engines they should 
be made more powerful than the present type. Accordingly tlie 
high-pressure cylinders have been increased from 114 ins. to 13 ins. 
diam., leaving the low-pressure cylinder of 26 ins. diam. the same as 
a t  present, with the exception of the ports, which have been increased 
from 14 ins. by 14 ins. to 2 ins. by 16 ins., in order to give more 
freedom for the exhaust. 
The construction will be readily understood from the following 
description, and from the diagrams, Figs. 1 to 3, Plates 41 to 43. 
Of these, Fig. 1 is an elevation, with section through the high- 
pressure cylinder, Fig. 2 is a section through the low-pressure 
cylinder, and Fig. 3 is a plan. There are two outside high- 
pressure cylinders of 13 in. diam., Figs. 1 and 3, and one 
inside low-pressure cylinder of 26 in. diam., Figs. 2 and 3, 
the stroke in each caEe being the same, namely 24 in. The two 
high-pressure cylinders have their steam-chests placed underneath, 
in order to allow the valves to fall from their faces; so that 
there is no wear when the steam is shut off. These two cylinders 
are attached to the outside frame-plates immediately under the 
footplate, about midway between the leading and middle wheels, 
and are connected through their piston-rods and connecting-rods to 
two cranks at right anglcs on the trailing wheels. The low- 
pressure cylinder, which has its steam-chest on the top, is placed 
directly over the leading axle, and is carried between two cross steel 
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plates, one at either end, securely fixed between the main frames ; i ts  
connecting-rod lays hold of a single-throw crank on the axle of the 
middle pair of wheels. 
The steam is supplied through the regulator in the dome A, 
Fig. 2, Plate 42, to a brass T pipe on the smoke-box tube-plate, and 
thence by two 3-in. copper steam-pipes By running first parallel to 
the tube-plate, then through the back-plate that carries the low- 
pressure cylinder, and between the plates of the inside and outside 
frames, to the steam-chests of the high-pressure cylinders. The 
exhaust steam from these cylinders is returned by two 4-in. pipes C, 
running parallel with the high-pressure pipes, through the back- 
plate that carries the low-pressure cylinder, and into the smoke-box : 
following round the curved sides of the smoke-box nearly to the top, 
each pipe passes across to the opposite side, and enters the steam- 
chest of the low-pressure cylinder through passages in the cover. 
Thus the exhaust steam becomes superheated in these pipes by the 
waste gases in the smoke-box, while the large capacity of the pipes 
themselves obviates the necessity for a separate steam-receiver. The 
final exhaust escapes from each side of the steam-chest of the low- 
pressure cylinder into the blast-pipe, and thence to the chimney in 
the usual way, the only difference being that there are only half the 
number of blasts for urging the fire compared with an ordinary 
engine; yet the compound engine steams very freely, and has a 
blast-pipe of 4# in. diam. for the final exhaust, compared with 42 in. 
in engines of the ordinary type. 
The steam-chest cover of the large cylinder is provided with a 
relief-valve D, Fig. 2, Plate 42, so adjusted that the pressure 
admitted may never exceed 75 lbs. per sq. in.; and a small pipe, 
connected to the low-pressure steam-pipe, and carried back to a 
gauge fixed inside the cab, shows at a glance the actual pressure of 
steam being used in the large cylinder. An arrangement is also made 
whereby steam direct from the boiler can be admitted to the low- 
pressure cylinder, which is useful for warming up before starting. 
The valve-motion adopted for this engine is that designed by 
Mr. David Joy, and described at: a former Meeting (see Proceedings 
1880, p. 418), which does away with all eccentric-rods, and 
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considerably reduces the number of working parts per cylinder, 
as well as the weight of the valve-gear. The arrangement however 
for the new engines differs slightly from that on “Experiment,” 
in order to do away with the trunnion bearings on the foot- 
plate. The total number of working or moving parts for the 
three sets of valve-motion in the compound engine is twenty- 
nine, and their total weight 284 lbs.; while the number of 
working parts in the two sets of valve-motion in the ordinary 
standard engine is twenty-four, and their weight 793 lbs.: the 
reversing shafts in each case not being taken into consideration. 
The valve-chests being on the underside of the high-pressure 
cylinders, the motion-discs E, Fig. 1, Plate 41, carrying the 
quadrant-bars, have to be placed in a corresponding position; and 
this is done by securing them to the underside of the slide-bars. 
The quadrant-bars, which are made of soft steel case-hardened, are 
each grooved to a radius equal to the length of the valve-rod link ; 
and working in their grooves are brass slide-blocks I, carried by the 
lifting links G, to the lower end of which is attached the valve-rod 
link H, and to the upper end the compensating link J on the 
connecting-rod : the upper end of the compensating link is controlled 
by a rod E attached to a return crank on the trailing crank-pin. 
The quadrant bars are lengthened out below the discs, so as to allow 
attachment to be made, by the link L, with the reversing shaft placed 
behind the trailing wheels. The reversing is effected by means of a 
screw-and-lever arrangement connected to the reversing shaft. 
The high-pressure slide-valves are of the Trick or Allen type, 
which gives double the lead shown at the edge of the port when the 
piston is at the end of its stroke; they have a travel of 3; in. in full 
forward and backward gear. in. ; the 
port opens Q in. for admission, and closes at 70 per cent. of the 
stroke. The sizes of the ports in the cylinders are, for steam 1+ in. 
x 9 in., exhaust 25 in. x 9 in. 
The valve-motion of the low-pressure cylinder differs slightly 
from that of the high-pressure. Instead of discs there is a cast-irou 
shaft M, Figs. 2 and 3, Plates 42 and 43, carried in brackets, which 
are fixed to the inside frames; and the quadrant guidestme bolted to 
The lap is 4 in. and the lead 
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it in the middle of its length. The other parts of the motion are 
similar to those of the high-pressure cylinders, the only difference 
being that the end of the compensating link in the low-pressure 
motion is attached to a radius-rod N centred on the back-plate of the 
cylinder. At one end of the reversing shaft is fixed a lever, which is 
coupled direct by a long rod to the reversing handle on the footplate. 
The travel of the valve in full gear is 43 in., lap of valve 1 in., 
lead T$ in.; the port opens 1 in. for admission, and is closed at 
75 per cent. of the stroke, and the exhaust closes at 93 per cent. of 
the stroke. The sizes of the ports are, for steam 2 in. x 16 in., 
exhaust 3; in. x 16 in. 
The reversing gears of the high- and low-pressure cylinders are 
designed to work independently of each other, and no inconvenience 
has been experienced by this arrangement ; they could if desired be 
connected, but this would mean complicating the parts, while no 
material advantage would be gained. 
With regard to the degree of expansion at which the engine is 
worked, in practice the low-pressure cylinder is kept nearly in full 
gear, while all the expansion is done in the small high-pressure 
cylinders, so that no more steam is used than is absolutely necessary 
to do the work. 
The commercial results with the engine (‘ Experiment ” have been 
very satisfactory. During the time the engine was working the 
Irish mail from Crewe to London, and the limited Scotch mail from 
London to Crewe, the average consumption per train-mile was 26 * 6 lbs. 
of coal, compared with 34.61bs. the average consumption of the 
standard four-coupled passenger engines with 17 in. cylinders and 
24 in. stroke, the boilers being precisely the same in each case. 
One of the principal features in the new engines has been the 
adoption of a boiler with the water-space of the fire-box carried 
under the grate, Fig. 2, Plate 42, the space between it and the 
fire-bars forming the ashpan, just as in the case of the 18-in. 
goods engine which was fully described at the meeting of the 
Institution at Barrow (Proceedings 1880, p. 432). The object is to 
do away with the rigid foundation-ring, which is alwayR a source of 
trouble; to obtain better circulation for the water; and to prevent 
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the lodgment of dirt on the sides of the fire-box where subject to the 
most intense heat. flanged mouth-piece, similar to that of the fire- 
door, is formed in  the centre of the water-space, and covered with 
sliding-doors work6d from the footplate, so that the ashes can be 
oasily removed or dropped ; while any sediment that may collect in  
the water-space can readily be removed through the wash-out plugs 
in the sides of the fire-box, there being a clear passage from side to 
side when the covers are taken off. The mouth of the ashpan i s  
made of such a width that the tube-plate can be taken out and 
replaced by a new one, without disturbing the other parts of the fire- 
box. 
The principal features of the compound engine having thus been 
described, there are one or two other points to which a reference 
may be interesting. The leading axle, it  will be noticed, is placed 
immediately under the large cylinder, Fig. 2, Plate 42, and nearly 
in  a line with the centre of the chimney; consequently the wheel- 
base is longer than usual, the distance from leading to front driving- 
wheels being I) ft. 4 in., and from front driving to trailing-wheels 
8 ft. 3 in., making a total wheel-base of 17 ft. 7 in. To overcome 
the disadvantage attached to a long rigid wheel-base, the leading axle 
is provided with a radial box, Figs. 4 to 7, Plate 43, having a lateral 
movement of 12 in. t o  each side of the centre line of the engine. 
The  box is formed in a single casting, with the brasses fitted in each 
end, and works between curved plate-guides A, stretching across 
from frame to frame. Inside the box and under the axle are carried 
two horizontal helical springs B and C, coiled right and left hand, 
and working one inside the other ; so that when the engine enters a, 
curve, the springs arc cornpremed towards one side, and take any 
shock that may be transniitted through the wheels from thc rails ; 
and when the engine gets on to the straight again, the springs 
resume their normal position, and keep the engine central. This 
class of axle-box, but with two sets of side controlling springs,* has 
* The single set of ~prings is a great improvement, as there is otherwise a 
possibility of bide action, in case one set of springs breaks or is weakcr than the 
other. 
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now been in use seven years with very good results (see Proceedings 
1877, p. 307), and 155 engines are fitted with it, 40 of them having 
one at each end. 
The journals of the axles, it  will be seen, are long in each case. 
Those of the leading axle are 10 in. long and G in. diam.; while 
those of the front driving-axle are 135 in. long and 7 in. diam., with 
crank journal 54 in. long and 7% in. diam. ; and the trailing-axle 
journals are 9 in. long and 7 in. diam. The advantage of these 
long journals has been amply proved in the running of the 
“ Experiment.” 
The engine, although still working on the London section, has 
been taken off the Irish and Scotch mail trains, because it was not 
fitted with the gear for working the vacuum brake with which these 
trains are now provided, and it was not thought advisable to bring 
the engine into the shops for the present in order to apply the 
vacuum-brake gear. The new engines however are fitted with 
ejectors and all the necessary gear for working the vacuum brake ; 
and in addition with a steam brake S, Fig. 2, Plate 42, acting between 
the two pairs of driving-wheels. This is also coupled to the tender 
brake-gear, so that the brake is applied to the engine and tender at 
the same time. A single movement of the driver’s brake-handle 
seryes to apply both the vacuum and the steam brake simultaneously; 
and similarly to release them together. 
Indicator diagrams from the engine are shown in Figs. 8 and 9,. 
Plate 44. 
Appended is a statement of the leading dimensions &c. of these 
engines. 
THREE-CYLINDER COMPOUND EXPRESS PASSENGER 
LOCOMOTIVE. 
Cyliizders. 
Diameter 13 inches. 
Two High-pressure outside cylinders . * { Stroke 24 ,, 
Diameter 2G ,, 
‘ { Stroke 24 ,, One Low-pressure inside cyliuder . 
Joy’s Valve Motion. 
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ft. in. Wheels. 
Diameter of leading wheels, with radial axlebox . . 3 6 
Diameter of front driving-wheels (low-pressure cylinder) . 6 6 
Diameter of hind driving-wheels (high-pressure cylinders) 6 6 
Distance between leading and front driving-wheels . . 9 4 
Distance between front driving and hind driving-wheels . 8 3 
Total wheel-base . . . . .  17 7 
Boiler. 
-
Length of barrel . . . . . . . .  9 10 
Mean diameter of barrel, outside . . . . .  4 l& 
Length of fire-box, inside . . 4 ft. 9h in. at top 4 l0.j at bottom- 
Height ,, from top of fire-bars to crown . . 5 51 
Lengthoftubes between tube-plates . . . .  10 1 
Width ,, ,, . . . . .  . 3 5 &  
Diameter of tubes, outside If . . . . . .  
Number of tubes . . . . .  198 
Heating Surface. 
Fire-box . . . . . . . . .  103.5 square feet- 
Tubes . . . . . . . . . .  980 ,, 
Total 1083.5 ,, 
-- 
___ -
Area of Fire-grate . . . . . . . .  17.1 square feet. 
Ratio of heating surface to grate area = 63-35 to 1 
Weig7~t. 
Weight of engine when empty . . . . . . .  34.75 tons. 
Weight of engiiie when in working order- 
Leading wheels . . . . . .  10.40 tons 
Front driving-wheels . . . . .  14.20 tons 
Hind driving-wheels . . . . .  13.15 tons 
-____ 
Total . . .  37'75 tons. 
I n  closing this paper the writer wishes to add, that his motive- 
in laying before tho Members of the Institution the particulars of his 
system of compounding locomotives is to draw attention to the subject 
and encourage its full investigation ; as he feels assured that better 
economical results are to be obtained than those which he has 
already arrived at. He hopes themfore that other papers on the 
subject may be forthcoming in the future. 
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Abstract of Discussion on Compound Locomotive Engines. 
The following communication from M. A. Mallet was read by 
leave of the meeting :- 
M. MALLET wishes to express his great regret that he cannot be 
present at the meeting, in response to the kind invitation sent to him 
by the Council as the author of the paper on Compound Locomotives 
read in 1879. 
In  Mr. Webb’s very interesting engine he considers that two 
points need special notice : first, the employment of the compound 
system generally; secondly, the division of the motive power 
between two sets of cylinders actuating different pairs of wheels, 
so as to do away with coupling-rods. The latter plan was tried on 
a large scale by the late M. Petiet, on the Northern Railway of 
France, and the results were by no means favourable ; but there the 
cylinders were not compounded, and the fact of compounding them 
may perhaps justify a return to this system. The arrangement is 
however somewhat complicated, and if difficulties are found to arise 
i n  practice, these may possibly be attributed to the principle of 
compound action, whereas they may redly be due to the special 
arrangement employed. 
M. Mallet has always endeavoured to keep his own engines as 
similar as possible in arrangement to the ordinary type. He does 
not agree with Mr. Webb that they are unsuitable for high speeds ; for 
whilst more economical they are no less stable than ordinary engines, 
which have always been found equal to the highest speeds required. 
In  any case M. Mallet is very glad to find himself no longer 
alone in  supporting the cause of compound locomotives, and 
believes that the advocacy of so eminent an engineer as Mr. Webb 
will have a marked effect in establishing its success. 
He thinks it right to add that his friend M. Jules Morandiere, as 
early as 1866, proposed a compound locomotive with three cylinders 
working two separate axles, on a similar principle to that now 
introduced by Mr. Webb. It was described in ‘‘ Engineering ” of 
23rd Nov. 1866, p. 392, and in other papers. 
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Mr. W. E. RICH was glad that the important question of 
compound engines for locomotives had been brought before the 
Institution. He believed that the time was not very far distant when 
a large proportion of the high-pressure engines, used both in 
England and abroad, would of necessity perform their expansion in 
two cylinders instead of in one. About two years ago, at the 
request of the authorities of the Royal Agricultural Society, he had 
prepared a short paper for their Journal" upon the compound engine 
as applied to agricultural purposes, i.e. in portable engines, traction 
engines, and ploughing engines. He believed he was able to show, 
especially in the case of traction and ploughing engines, that 
very marked advantages might thereby be gained, not the least of 
which was that they would be able to run about one-third longer 
time and distance, or do one-third more work, with a given amount of 
fuel and water. This, considering the vicissitudes connected with 
the obtaining of both those commodities in the field or on the 
road, was a very important consideration. I n  such situations water 
was sometimes more difficult to get than fuel. 
The case of the locomotive was, he thought, of equal importance. 
I f  a locomotive could be made to travel one-third or one-half longer 
distance with a given supply of water and fuel, not only the railway 
company but the public generally would be gainers ; for they mould 
be able to go, say from London to Liverpool, with fewer stoppages 
and in a shorter time. He did not know what was the proportion 
in B fast passenger engine of the weight of the fuel and water to 
that of the engine and tender ; but one way of looking at it mas this. 
Suppose the engine and tender to weigh, with the water in the 
boiler, 40 tons, and to carry 15 tons of fuel and water when fully 
loaded ; then, if the compound engine would develop the necessary 
power with a quarter less steam, the heating and grate surfaces and 
consequently the weight of the furnace, boiler, and water in the 
boiler, might be reduced in the same proportion. Thus if the boiler, 
furnace, and water, formerly weighed 20 tons, 5 tons could be taken 
off their weight, and added to the spare fuel and water carried ; and the 
* See Journal OP the Royal Agricultnral Society, 1581, vol. xvii., p. 661. 
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,engine would run without replenishing one-third longer distance 
than before. I f  however the original heating surface were retained, 
yet greater fuel economy would be gained, and the fire-grate might 
fhus be reduced more than one-fourth. 
He did not understand whether Mr. Webb’s high-pressure 
cylinders worked on cranks at right angles; and he should like to 
ask the question. He was rather surprised to see the low-pressure 
.cylinder only twice the diameter of the high-pressure cylinders ; 
he should have thought that there would have been an advantage in 
making it rather more than that. With regard to the position of 
the slide-valve on the top of the low-pressure cylinder, he should 
be afraid that this cylinder, not being steam-jacketed, would have a 
tendency to harbour a great deal of water at the ends of the stroke. 
Perhaps Mr. Webb would state whether he had found any presence 
of water in the low-pressure cylinder when running, or whether he 
kept the drain-cocks open. I n  running an engine at a slow apeed, 
water played an important part in reducing the economical use of 
steam with a low-pressure cylinder, when not steam-jacketed. A 
high-speed engine jerked the water out much more effectively than 
B low-speed engine; but a low-pressure cylinder not jacketed had 
.always a tendency to retain water in it. Placing the slide-valve 
below, or low down at the side, would remove that tendency. 
He had had no experience as to the efficiency of blast orifices; 
but he thought it possible that the longer interval between the 
blasts, mentioned in the paper, might not necessarily be productive 
of evil results. Too frequent blasts might act somewhat the same 
as a continuous blast, which was not as good as an intermittent one. 
Looking at the indicator diagrams, Plate 44, he was much 
surprised to see the very uniform line of the exhaust in the high- 
pressure cylinder. He should like to know whether that was really 
&he case, and that there was no wavy line in the high-pressure 
exhaust. There did not seem to be any large amount of receiver 
space between the cylinders ; and it was surprising therefore to see 
so  straight a h e .  
The arrangement of the cylinders in two sets with two sets of 
cranks was certainly a great novelty, having palpable merits even 
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at the first glance; and he could not but compliment Mr. Webb 
upon it. His first notion of a compound locomotive would have 
been to put a high-pressure cylinder in the ccntre, with two 
low-pressure cylinders at the sides, both working on cranks at the 
same angle, but at right angles to that of the high-pressure 
cylinder; then all would be in perfect balance at the two sides. 
But the avoidance of coupling-rods in Mr. Webb’s engine was a 
new departure, and must be a great gain. He thought there would 
be a material gain by steam-jacketing the low-pressure cylinder, or 
in fact all three cylinders, if room could be found to illow of it ; for 
the extra weight in the cylinder would be more than compensated 
by the reduced weight of the boiler to produce the same amount of 
steam. 
M. A. GOTTSCHALE said that, ever since the marine compound 
engine had proved so great a success, railway engneers had been 
urged to apply compounding to locomotives also. He had himself 
applauded the efforts made in this direction by his friend &I. Mallet ; 
and now he was glad to find that Mr. Webb had made a further step 
in advance. One of the advantages to be noted, beyond the economy 
of fuel, lay in the reduced wear of the engine and road. I n  
England it was needless and useless to augment the number of 
coupled wheels ; but the case was otherwise in mountainous countries. 
Avery powerful engine, with six or eight wheels coupled, was there 
a necessity. When locomotive superintendent of the Southern 
Railway of Austria, he had in use upwards of a hundred locomotives 
with eight wheels coupled, working long inclines of 1 in 40, 
especially the Semmering, with curves of 180 m. radius (590 ft.) ; 
and he found that on those curves the rail heads wore down with 
great rapidity, while the leading tyres had to be changed after 
40,000 kilom. (25,000 miles), instead of over 200,000 kilom. as on 
level lines. He believed however that Mr. Webb’s system might 
be applied to such lines, coupling two sets of wheels to the high- 
pressure cylinders, and two to the low-pressure cylinder ; and that 
the result would be an important saving, not only in fuel, but also 
in maintenance of road and rolling stock. The invention did the 
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greatest credit to its author, the engineer of those works at Crewe, 
from which so many good things in the way of railway improvements 
had already appeared. 
Mr. T. R. CRAMPTON had seen nothing, in any experiments yet 
made in compounding locomotives, which gave him sufficient data 
to form a judgment as to its economy. For many years he had 
been opposed, as a rule, to the multiplication of parts if it could 
be avoided. When the late Mr. Aveling started to make traction 
engines, he used to see a great deal of him ; and he used to say to 
him, “Pray do not put more than one cylinder in your engines 
if you can help i t ;  you do not want two parts, if you can make 
one do the work.)) And he believed that Mr. Aveling had carried 
that out t o  a greater extent than anybody else. That principle 
however had its limits j and the limit was at the point where the 
pieces for the srmpler system became in some way too inconvenient 
for manufacture, or for use. Simplicity should be an axiom, 
but i t  should be an axiom used rightly. The comparison that 
had been made in the paper with the ordinary engine appeared to 
him to be of no value. It was a comparison between an ordinary 
engine and an engine with the same size of wheel, but with almost 
double the cylinder capacity to expand in. The area of two 17-in. 
cylinders, compared with one 26-in. cylinder and two 13-in., was about 
as 45 to 80. The result was that, if the indicator diagrams were 
drawn in each case, the area with the compound engine would be 
almost double that with the simple engine; and therefore the 
comparison was not a fair one. If  it was desired to test a three- 
cylinder compound engine, it  ought to be compared with a two- 
cylinder engine of the same capacity. But the question was in the 
hands of Mr. Webb ; and they would no doubt have the right result in 
the end, for he never left a thing incomplete when he took it in hand. 
All that he desired to call attention to was the fact that the 20 per 
cent. economy was not due to the compounding, but was due to the 
extra expansion that was given. 
He agreed very much with Mr. Webb in his endeavours to do 
away with coupling-rods. That had been a pet notion of his own for a 
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very long time. He went so far at  one period as to propose b put B 
separate cylinder to each wheel. He had many drawings made 
with a single cylinder to each wheel, each wheel having its 
own axle turning in a separate box. Therefore his views were 
entirely in favour of doing away with coupling-rods. He 
had carried the system of uncoupled wheels as far as possible 
in his continental locomotives. Last year the engineer of the 
Strasbourg line came to him and said that his Company were 
just now investigating the question whethei they should increase the 
number of their express trains, and retain the Crampton system 
without coupling-rods, or whether they should make new engines 
coupled, and so take heavier trains. They had statistics extending 
over 15 or 16 years, showing that the Crampton engines running their 
express trains compared so favourably with any engines that they 
had in France as to distance run, codt of repairs, and cost of fuel, 
that they thought i t  a very important point to consider whether they 
should not increase the number of trains and keep the uncoupled 
wheels, instead of having four wheels coupled afid heavier trains. 
M. A. BOROMN said he had studied Mr. Webb’s locomotive with 
attention, and he thought that he was to  be congratulated on his 
solution of the question. He wished to make one remark with 
regard to the construction, viz., that it seemed to  him the locomotive 
had not so great a starting power as the ordinary locomotive ; so 
that, if it  were applied to h e a v  trains, there might occasionally be 
some difficulty in starting them. According to the positions shown 
in Figs. 1 and 2, Plates 41 and 42, there was but one piston--one of the 
two high-pressure pistons-which could start the engine, and that 
was of a smaller size than in the ordinary locomotive. He might 
add that this remark was not his own, but was due to Mr. M. N. 
Forney of New York, whom he had recently seen in America. 
He could not agree with the conclusion of Dilr. Webb’s paper, 
which foretold that better mechanical results would be obtained from 
compound engines than had been obtained on this occasion. It 
appeared to him that better results couM not possibly be obtained. 
The economy which had been shown was about 24 or 25 per cent. 
2 m  
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Now the experiments which had been made by himself * with 
compound locomotives in Russia, and those made by M. Him, showed 
that it could not be hoped to obtain so large an economy from 
the compound principle only. All that could be hoped from the 
compound principle was about 15 or 18 per cent., in a high-pressure 
non-condensing engine. Part of the economy which had been 
obtained in Mr. Webb’s case could perhaps be explained by the 
better arrangement and the better management of the engine ; but 
he did not think that all the economy of 25 per cent. could be due 
to compounding alone. 
Mr. WEBB observed that some part of it arose from doing away 
with the coupling-rods. 
M. BOBODIN said the day was at hand, in his opinion, when the 
compound principle would be generally adopted for locomotive 
engines ; but his view was that they would not stop there. There 
were some engineers who said that the locomotive engine was a very 
perfect machine. He had seen a recent article by M. MariB, in the 
“Revue gh6rale des Chemins de fer,” pp. 403413, 1883, stating 
that the present locomotive engines were so perfect that there was 
no hope of making any great improvement in them. He however 
thought the day was perhaps not very far distant when great 
improvements would be made. Experiments showed that the 
present locomotives consumed about 12 kg. of steam (26 lbs.) per 
IHP. per hour. With the compound principle he thought their 
locomotives would consume about 104 kg. per hour. At the present 
time they had stationary engines which consumed only about 74 or 
8 kg. per HP. Those were certainly condensing engines; but he 
thought the day was not far distant (and he hoped to see it) when 
they would have a condensing locomotive of a simple and practicable 
construction. 
Nr. DAVID JOY said that he had had the advantage of being 
placed in the exceptional position of being able to see what most 
* Proc. of the Socie’te’ dea Ingenieurs Civils, 1883, p. 162. 
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outsiders had not seen, that is, something of the progress of this, the 
most advanced step in locomotive practice which had been made for 
many years. And so he had been enabled to form an opinion on 
the subject from personal observation. 
He thought that Mr. Webb’s paper was before the Institution 
rather as a record of a completed success, than as a subject admitting 
of much discussion. The position above referred to had however 
frequently subjected him to the questionings of those interested in 
the matter, as to how far the generally reported statements really 
represented the advance or improvement made. He would therefore 
now enumerate what he considered to be the advantages which had 
really been secured. 
He had been 
prepared for Mr. Webb’s statement now made, that this was about 
8 lbs. per train mile. From watching the fire and hearing the beat 
of the engine, any one on the foot-plate, accustomed to the running 
of locomotives, could easily tell that the engine was not burning the 
full amount of fuel that would be consumed by an ordinary engine 
running with the same load ; and if in marine practice s o  much had 
been gained in economy by compounding, why should not the same 
results be obtained with a locomative? The next point was the free 
running of the engine, from the absence of coupling-rods ; and that 
was one of the great advantages. There could be no question that 
the engine ran as free as a single engine : you could not feel her 
take the curves, and there was an entire absence of the whistling and 
grinding which a coupled engine made when running round curves. 
So important was the question of accidents from coupling-rods 
becoming in the United States, that last year, at the meeting of the 
Master Mechanics’ Association, a special paper had been read on 
the question of coupling-rods, in consequence of the fact that 
these were so continually breaking as the speeds increased. By 
Mr. Webb‘s plan coupling-rods were cntirely done away with, so 
that that source of danger was removed. Again, with compounding, 
though high pressure was used, the initial strain upon the whole of 
the parts was reduced by the high-pressure steam passing first into 
the small high-pressure cylinders, and afterwards into the large 
First there was a substantial saving in fuel. 
21\12 
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low-pressure. He had been further struck with the statement in 
Mr. Webb's paper, namely, that the engine had continuously run over 
300 miles per day, and so required two sets of drivers. Now nothing 
was more against an engine than putting on two sets of men to work 
her; so that this showed there had been no nursing of the engine 
to obtain the results reported, which therefore were bond Jide. 
With regard to the separate reversing of the high- and low- 
pressure engines, he was not quite sure that he agreed with Mr. 
Webb. He admitted that the indicator diagrams shown were about 
as satisfactory as they could be; but the practice with marine 
engines was usually to cut off, both in the high- and low-pressure 
cylinders, at such points as to equalise the diagrams, giving equal 
power to the high and low pressures alike; and the results so 
obtained were usually considered to be the most satisfactory. 
Hence he was inclined to think this was not a settled question, but 
a proper subject for further investigation. 
There was one question which had not, he thought, received 
sufficient attention, namely the question of the consumption of 
water. He had lately been designing some locomotives for South 
America, and one of t'e points requiring consideration was the 
reducing of the amount of the water to be consumed. Here, of 
course, compounding came in with great effect; and he expected 
that the engines, which were to be on I&. Webb's compound system, 
would not only save 25 per cent. of fuel, but would save also the 
haulage of 25 per cent. of water. These engines had to start at the 
foot of a bank, but nearly all the work had to be done on a long 
level at the top of the bank, and the engines had to take all their water 
up with them, as there was none on the plateau. If  therefore they 
could save 25 per cent. of the water as well as 25 per cent. of the 
fuel, a material advantage would be gained. 
As to pressure of steam, Mr. Webb had retained the usual 
150 lbs. per sq. in. On discussing the question he had suggested 
the adoption of a higher pressure, but had deferred to Mr. Webb's 
better judgment. Still he believed that with the compound system 
higher pressures would be employed, probably up to 200 lbs. per 
sq. in., and even that might not be the end. 
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M. J. MORANDIERE said he was not aware that his name would be 
mentioned by his friend M. Mallet. While thanking him for doing 
so, he must confess that the design made in 1866, of which M. Mallet 
had spoken, was a sketch merely, without any elaboration of details. 
The arrangement of Mr. Webb, besides having the sanction of 
experience, was obviously to be preferred for many reasons, among 
which he would mention the following. T h e  three cylinders 
designed in 1866 had all the same diameter; the boiler steam 
entered the single central cylinder, and then passed on to the other 
two, where it was expanded. Hence in order to make sure of being 
always able to start, i t  was necessary to furnish a second steam 
valve, which would allow the steam, when needful, to be sent direct 
from the boiler into the two expansion cylinders. He would add 
that the idea of using three cylinders to work two sets of axles had 
been suggested to him by designs made on the Northern Railway 
of France, with the view of adding to the Crampton engine a third 
cylinder to work through a single crank on the axle of the middle 
pair of wheels. 
He would take the opportunity of asking Mr. Webb how the 
indicator diagrams were taken, the instrument used, &c. 
Mr. DRUITT HALPIN thought Mr. Webb had hardly done himself 
sufficient justice in the beginning of his paper, when stating that his 
design was intended to obtain greater economy in fuel and to do 
away with side rods. The further advantage to be gained by 
dividing the pressure between the cylinders was very great, and a 
great deal of the economy was no doubt due to that, as i t  was 
practically possible by means of the compound engine to use 
expansion to a degree which could not be attained with steam 
worked in a single cylinder. With regard to the radial axle-boxes, 
he could quite believe that Mr. Webb had had a great success with 
them. He had himself used them; they had run constantly over 
curves of 150 metres radius (490 ft.) for the last two years, with 
great success, and they were now using them for even sharper curves, 
of 100 m. radius (328 ft.). 
He thought He agreed with Mi. Rich with regard to jacketing. 
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that jacketing, in the low-pressure cylinder particularly, would still 
further improve the engine. He supposed that Mr. Webb’s objection 
would be the extra weight ; and also that he got a certain amount of 
superheating in the receiver, which was placed in the smoke-box. 
I f  there was a proper amount of superheating it was a very good 
thing, and it might help to obviate the necessity for jackets ; but it 
was possible to get too much superheating, and they knew what the 
result of that was. The importance of having jackets had been 
proved in the neighbourhood of Liege a short time ago by 
experiments made very accurately, and in which the matter was not 
complicated by the coal question; it was merely the water which 
was taken, and which gave all the results that were wanted. It 
was a spinning mill at Verviers, and the constructor guaranteed 
to do a certain duty with water. The test was made by M. BBde, 
and he found that he was considerably over the proper consumption 
of water. The engine was a horizontal compound with Sulzer 
valve-gear, having the cranks at right angles and an intermediate 
receiver ; both the cylinders as well as the intermediate receiver 
being jacketed. The steam passed first into the jacket of the 
receiver, from thence into the jacket of the high-pressure cylinder, 
and from thence into the valve-chest. The low-pressure cylinder 
was jacketed with steam by a pipe led from the jacket of the 
intermediate receiver. The diameter of the small cylinder was 
0.500 m.=19*69 inches, that of the large cylinder 0.750 m.= 
29-53 inches, and the stroke of both pistons 0.900 m.=35*43 
inches; the speed was 67 revolutions per minute. The engine 
was guaranteed, when working at 90 lbs. pressure, to develop 
one IHP. with 7 . 5  kilos = 16.5 lbs. of water, when working up 
to 190 IHP. When tested with a load of 126 HP., 9 . 7  kilos or 
21.34 Ibs. water were used; but the builder took exception to this 
test, as he contended the load was too light. A second test was 
therefore made with a load of 149.5 HP. j but the consumption of 
water rose to 10.4  kilos or  22.88 lbs. It was then evident 
something was seriously wrong; and on examination it was 
discovered that the steam traps, which were on the expansion 
principle, mere not acting properly, and they were replaced by traps 
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actuated by floats. On a further test being made, with a. load of 
135 HP., the consumption of water fell to 6.889 kilos. or  15.16 lbs. 
water per IHP. per hour ; the condensation in the jackets rose to 
1344.3 kilos. or 2957 lbs. in a. test lasting 8.725 hours; this was 
equal to 16.5 per cent. of the total water passing through the 
engine. The consumption of water (and to a greater extent that of 
coal) had thus been augmented by more than 51 per cent. by the 
improper working of the steam traps. 
It would be exceedingly interesting if Mr. Webb would let them 
know what the consumption of water was in the new and in the old 
engines ; and then they would have a. very good comparison. The 
two boilers were identical, but in the case of the old engine the 
consumption of water was of course higher. The economy of the 
new engine was capable of being divided into two parts: one part 
was naturally due to the small range of temperature in each 
cylinder, but another part was due to the fact that the boiler was 
doing less work; there was thus less water evaporated per square 
foot of heating surface, and that had a considerable influence on the 
question. 
M. Borodin, speaking of Russia, had said they were there 
working with 12 kilos. of water, or 26.4 lbs. per IHP. per hour. 
He himself had lately tested a small non-condensing compound 
engine, working with 100 lbs. boiler pressure, and found the 
consumption of water was 24 lbs. per IHP. per hour. .He quite 
agreed with Mr. Webb that it would not be wise to reduce the boiler 
in size; it  was better to obtain a greater economy by retaining 
the original size. 
Referring to Mr. Crampton’s remark about Mr. Aveling, he 
wished to observe that Mr. Aveling, at the last show at which he had 
ever exhibited (Derby 1881), showed a conipound engine, and if he 
had lived no doubt he would have continued the practice. He could 
not agree with Mr. Joy in the view that it was possible to make non- 
condensing compound engines, like the one under discussion, give 
such good results as condensing engines. All steam engines were 
heat engines, and their efficiency therefore was dependent on the 
ranges of temperature between which they worked. Assuming B 
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Lbs. per sq. in. 
135 initial 
17 h a 1  
condensing and a non-condensing engine to be each worked with 
120 lbs. boiler pressure, taking the absolute back pressure in the 
condensing engine to  be 2 lbs. per sq. in. and in the non-condensing 
engine 17 lbs. per sq. in., and omitting the effects due to condensation 
and re-evaporation in the cylinders, as well as t o  any fall of pressure 
in the intermediate receiver, the following comparison was 
obtained :- 
Deg. Fahr. peg. Fahr. Lbs. per sq.in. Deg. Fahr. Deg. Fahr. 
350 811 135 initial 350 811 
220 681 2 final 126 587 
130' 130° 224' 224' 
- - - _. 
120 lbs. pressure, Non-condensing. I 120 lbs. pressure, Condensing. 
This showed that the theoretical efficiencies of the two systems were 
in the ratio of 130 : 224. 
Mr. ALEXANDER MUDONNELL said the principal thing he wished 
t o  do was to express his thanks to Mr. Webb for having tried this 
experiment, and tried i t  uo well. There were very few railways 
&hat could afford to try experiments of that kind, and there were 
still fewer locomotive engineers who aould carry them out in the 
way that Nr. Webb had done. There were a good many points 
besides tha uhple  compounding of the engine which were 
exceedingly inkeresting, and they were all greatly obliged to Mr. 
Webb far having brought them so well before the Institution. He 
did not think that 80 much stress ought t o  be laid on doing away 
with coupling-rods. They had been at times very troublesome; 
but when an engine was well made, and the centering was properly 
attended to, the number of coupling-rods broken was not very large ; 
and the difference in consumption between an engine with a single 
driving wheel and an engine with coupled wheels had not been ehown 
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to be anything very remarkable. He did not know whether he 
exactly understood Mr. Crampton with regard to a single cylinder, 
but it appeared to him to be more a matter of convenience than 
anything else, whether the work could be best done with one plan 
or the other; he took i t  that in regard to locomotives most of 
them were clear that they could not do without two cylinders 
at least. 
Mr. WILLIAM STROTJDLEY thought the locomotive engineers and 
the railway companies throughout the country owed Mr. Webb great 
thanks for the manner in which he had gone into this very important 
question. He believed that the economy to be derived from 
compounding engines 11ad been thoroughly established. The value 
of the system had been admitted in regard to marine, stationary, 
and portable engines, and ho thought there was no sufficient reason 
for saying that i t  would not be equally valuable in the case of 
locomotives. Although however the plan of the engine appeared to 
him to be a very satisfactory one, and well adapted to develop the 
value of compounding in a passenger engine, he did not think that a 
passenger engine was the best to try i t  with. Had the system been 
applied to a goods engine, he thought there would have been a 
much greater success. Mr. Webb’s figures did not prove any very 
great degree of economy in the working of the engine. The 
passenger engines of the Brighton Railway showed for the last 
half year an average consumption of 25 lbs. of coal per mile, and he 
thought that the large quantity of coal placed against the ordinary 
engines on the London and North Western line was somewhat in 
excess of the average of railways doing similar work. He thought 
that a passenger engine running at high speed was the best possible 
form for the use of steam in LL single sylinder or under the ordinary 
system; but a goods engine, working at low speeds, and during 
a very large part of its time with an admission of perhaps 70 per 
Gent., was working under worse conditions than a passenger engine. 
Ha thought therefore that if Mr. Webb would apply his principle 
to a goods engine he would be able to show them hereafter still 
better results. 
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Mr. MCDONNELL asked Mr. Webb kindly to say what kind of 
coal he used. He supposed that the coal in the two engines was the 
same. 
Mr. CRAMPTON asked further for the quantity used in shunting 
and lighting up in both cases ; so that the comparison might be as 
exact as possible. 
Mr. WEBB in reply, said he had not much to add, except in reply 
to the remarks made and questions asked. Replying to Mr. Rich, 
the cranks of the high-pressure cylinders were placed at right 
angles. With regard to the indicator diagrams, the exhaust line of 
the high-pressure cylinders was not always straight, but sometimes 
arched upwards in the middle of the stroke, which might be due to 
the low-pressure crank being in a different position relative to the 
two high-pressure cranks. Replying to M. Morandiere, the indicator 
diagrams were taken by two ordinary ‘‘ Richards ” indicators, with 
the connections made as close to the cylinder as possible; the 
motion was taken from the crossheads of the respective cylinders in 
the usual way; the diagrams were taken in pairs, from one of the 
high-pressure cylinders and from the low-pressure cylinder at the 
same time. Replying to Mr. McDonnell, the coal used in both 
engines was similar in quality, being principally South Wales steam 
coal, with sometimes a little North Wales main coal. Replying to 
Mr. Crampton, he could not give the coal used in shunting separately, 
but both engines being on similar work there could not be much 
difference : the lighting-up coal was also dealt with in the same way 
in both engines. 
Since the paper was written they had turned out at Crewe ten 
compound locomotives of the same description as the one under 
discussion. A Sunday or two ago, he had had an opportunity of 
trying what these engines would do with the 10 o’clock express out 
of Euston, which on Sundays had eleven stoppages between Euston 
and Crewe, while the actual running time was much the same as for 
the 10 o’clock Scotch express on week days with only two stoppages. 
The compound engine took a train of 19 carriages, composite and 
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saloon, out of Euston to Crewe without assistance, and the time 
occupied in the run was 4 hours 30 minutes with the eleven 
stoppages. Last Monday the 10 o’clock Scotch express, which was 
one of the fastest trains running, was taken by the compound 
engine from Euston to Crewe in 3 hours 35 minutes with 16 large 
carriages, and with two stoppages. 
Mr. Rich had asked the question whether there was any trouble 
with regard to condensation in the big cylinder. So far none bad been 
experienced. The pipes between the two frames were packed in 
silicate cotton; so was the large cylinder. The whole space 
between the large cylinder and the frame was also packed with 
silicate cotton. With reference to the question of complication in 
the engine, he had only three connecting-rods, instead of the 
ordinary two coupling-rods and the two connecting-rods. He had 
thus one rod less, while he had an extra cylinder. The cylinder 
itself and the valve gearing were so simple that he thought if any 
member saw the engines themselves he would not say that there was 
undue complication. With regard to Mr. Crampton’s remarks, he did 
not agree with his view ; but he might say that it was in looking at 
an engine designed by Mr. Crampton-he believed it was when 
travelling on the Eastern Railway in France-that it occurred to 
him how easy i t  would be to utilise an extra portion of the weight of 
the engine for adhesion without coupling-rods ; and that brought 
to his mind the design of the engine under discussion. 
With reference to the question of carrying a sufficient quantity 
of fuel and water, they could carry sufficient coal to take them 
through from London to Carlisle, and it was of course well known 
to most English engineers that on the London and North Western 
line they picked up water wherever they required it, so that 
practically they were able to run an engine all the way through 
from London to Carlisle, and had done so on two or  three occasions. 
He might mention the first performance ever done by the 
cornpound engine ‘‘ Experiment.” Before it was painted, he hooked 
i t  on to assist a heavy express from Liverpool with 19 coaches. He 
tried it with the steam shut off from the other engine for some 
distance along the Trent valley. They ran without trouble from 
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Crewe to London; when the engine arrived in London it was all 
right, and he had it turned round and hooked on to the morning 
Irish mail, which it took to Holyhead. When the engine arrived at  
Holyhead it was still all right, and he then gave the men something 
to eat, turned the engine round and hooked it to the boat express, 
which it took to Crewe. The engine thus did 528 miles as a 
christening trip. 
Mr. Stroudley had remarked that it would have been better if he 
had tried the system with a goods engine. One engine that he had 
in hand at the present time was for working on the Underground 
Railway, where there had lately been some discussion as to the 
amount of fuel consumed, and the nuisance arising from it. It was 
one of the engines originally designed by Mr. Fowler, and he 
had taken it in hand and was compounding it. Mr. Tomlinson 
would bear him out in saying that they had very sharp curves to 
run round on that line, and that very great trouble had been 
experienced with coupling-rods. Five or six years was all the life 
that could be got out of a coupling-rod on that line. He believed 
he had answered all the questions that had been asked. He thanked 
the members very much for the favourable hearing they had given 
him; and he trusted that the result would be that the fuel of 
locomotives would last a little longer in the future, with the increased 
economy which he believed would be brought about by compounding 
them. 
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